Abstract: The present study deals with an analysis of the effects of radiation and porosity of the medium on unsteady natural convection flow of a viscous, incompressible and electrically conducting fluid past an impulsively started inclined plate under the influence of transversely applied uniform magnetic field and Hall current. The medium of the flow is taken as porous. The governing equations involved in the present analysis are solved by the Laplace-transform technique. The results obtained are discussed with the help of graphs drawn for different parameters like thermal Grashof number, mass Grashof Number, Prandtl number, Hall current, radiation, permeability, magnetic field parameter and Schmidt number. The numerical values obtained for skin-friction and Nusselt number have been tabulated. The objective of this study is to analyze radiation and the porosity of the medium in the MHD flow model. In the study we found that the velocity in the boundary layer increases with the values of radiation and porosity of the medium. It is also observed that radiation and porosity of the medium increases the skin-friction at the wall surface. The results of the study are found to be in agreement with the actual flow. The importance of the problem can be seen in cooling of electronic components of a nuclear reactor, bed thermal storage and heat sink in the turbine blades.
I. INTRODUCTION
The MHD flow with heat and mass transfer plays an important role in different areas of science and technology like chemical engineering, mechanical engineering, biological science, petroleum engineering, biomechanics, irrigation engineering and aerospace technology. Study of radiation with heat transfer and mass diffusion is essential in describing several fluid models. The effect of radiation in free convection from a vertical porous plate was studied by Hossain et al. [5] . Wilhem and Choi [16] have considered magnetohydrodynamic diffusion flow across homogeneous magnetic field. Raptis [7] has considered radiation and free convection flow through a porous medium. Further, Raptis along with Perdikis [8] have worked on unsteady flow through a highly porous medium in the presence of radiation. The radiation effect on combined convection over a vertical flat plate embedded in a porous medium of variable porosity was presented by Pal and Mondal [6] . Vyas and Srivastava [14] have analyzed radiative MHD flow over a non isothermal stretching sheet in a porous medium. Rajput and Sahu [9] have investigated the radiation effect on steady hydromagnetic flow of a viscous fluid through a vertical channel in a porous medium with heat generation or absorption. The radiation effect on MHD flow past an infinite vertical plate with variable temperature and uniform mass diffusion was analyzed by Deka and Deka [3] . Radiation and mass transfer effects on transient free convection flow of a dissipative fluid past semi-infinite vertical plate with uniform heat and mass flux was investigated by Vasu et al. [13] . Influence of thermal radiation on a transient MHD Couette flow through a porous medium was considered by Baoku et al. [2] . Armstrong and Muthucumaraswamy [1] have worked on MHD flow past a parabolic started vertical plate with variable temperature and mass diffusion. In MHD flows, if applied magnetic field is of high strength on the flow then Hall current on MHD flow is also significant. Some papers related with combined effects of Hall current and radiation are also mentioned here. Guchhait et al. [4] have investigated combined effects of Hall current and radiation on MHD free convective flow in a vertical chan-nel with an oscillatory wall temperature. Thamizhsudar and Pandurangan [12] have worked on combined effects of radiation and Hall current on MHD flow past an exponentially accelerated vertical plate in the presence of rotation. Effects of induced magnetic field and homogeneous-heterogeneous reactions on stagnation flow of a Casson fluid was investigated by Raju et al [11] . Combined effects of Hall current and magnetic field on unsteady flow past a semi infinite vertical plate with thermal radiation and heat source was studied by Srihari [11] . The chemical reaction effect on unsteady MHD flow past an impulsively started oscillating inclined plate with variable temperature and mass diffusion in the presence of Hall current was analyzed by us [10] . In this paper an analysis of radiation effect on unsteady MHD flow through porous medium past an impulsively started inclined plate with variable temperature and mass diffusion in the presence of Hall current has been done. The problem is solved analytically using the Laplace Transform technique. A selected set of graphical results illustrating the effects of various parameters involved in the problem are presented and discussed. The numerical values of skin-friction and Nusselt number have been tabulated.
II. MATHEMATICAL ANALYSIS
The geometric model of the problem is shown in Fig. 1 . An electrically non conducting plate inclined at an angle α from vertical is considered here. x axis is taken along the vertical plane and z normal to it. A transverse magnetic field B 0 of uniform strength is applied on the flow. Initially it has been considered that the plate as well as the fluid is at the same temperature T ∞ . The species concentration in the fluid is taken as C ∞ . At time t > 0, the plate starts moving with a velocity u 0 in its own plane, and temperature of the plate is raised to T w . The concentration C near the plate is raised linearly with respect to time.
The flow model is as under:
The boundary conditions taken are as under:
The local radiant in equation (4), for the case of an optically thin gray gas, is expressed by
Considering the temperature difference within the flow sufficiently small, T 4 can be expressed as the linear function of temperature. This is accomplished by expanding T 4 in a Taylor series about T ∞ and neglecting higher-order terms
Using equations (6) and (7), equation (4) becomes
The following non-dimensional quantities are introduced to transform equations (1), (2), (3) and (8) into dimensionless form:
Then the model becomes
The corresponding boundary conditions become
Dropping bars in the above equations, we get
The boundary conditions are
Combining equations (15) and (16), the model becomes
The boundary conditions now become:
Here
The dimensionless governing equations (20) to (22), subject to the boundary conditions (23), are solved by the usual Laplace -transform technique. The solution of the model is as under: 
The expressions for the symbols involved in the above solution are given in the appendix.
III. SKIN FRICTION
The dimensionless skin friction at the plate z = 0 is obtained by
The numerical values of τ x and tau y , for different parameters are given in Tab. 1.
IV. NUSSELT NUMBER
The dimensionless Nusselt number at the plate z = 0 is given by
The numerical values of Nu, for different parameters are given in Tab. 2. Figures 2 and 12 that the primary and secondary velocities of fluid decrease when the plate angle (α) is increased. This is in agreement with the actual flow, since the velocity of the fluid decreases as we increase the inclination of the plate from the vertical. Figures 3, 13, 4 and 14 show the buoyancy effect. It is observed that both the primary and secondary velocities increase on increasing mass Grashof number (Gm) and thermal Grashof number (Gr). This indicates that the buoyancy force in the boundary layer region near the plate tends to accelerate primary and secondary velocities. Further, Figures 5 and 15 show the influence of Hall current on primary and secondary velocities, respectively. Primary velocity increases rapidly near the surface of the plate, whereas secondary velocity decreases throughout the boundary layer region on the increasing Hall current parameter (m). This shows that Hall current tends to accelerate primary velocity in the region near the surface of the plate, whereas it tends to retard secondary velocity in the boundary layer. It is observed from Figures 6 and 16 that the effect of increasing values of the parameter M results in decreasing u and increasing v. It is in agreement, since the magnetic field establishes a force which acts against the main flow resulting in slowing down the velocity of the fluid. It is deduced that velocities are increased when radiation parameter R is increased ( Figures  7, 17) . It indicates that the effect of radiation parameter on the fluid in the boundary layer region near the plate tends to accelerate the velocities. From Figures 8 and 18 , it is observed that increasing the permeability parameter (K) of the porous medium, the primary velocity and the secondary velocity increase. This is because an increase in (K) implies that there is a decrease in the resistance of the porous medium which tends to accelerate primary velocity as well as secondary velocity in the boundary layer region. Further, it is observed that velocities decrease when Prandtl number and Schmidt number are increased (figures 9, 19, 10 and 20). In actual sense, the increase of Sc means a decrease of molecular diffusivity (D). This shows that the process of diffusion will decrease. Further, from Figures 11 and 21 , it is observed that velocities increase with time. It is observed that temperature decreases when Prandtl the number and radiation parameter are increased (Figures 22 and 23) . However, from Figure 23 it is observed that temperature increases with time.
Skin friction is given in Tab. 1. The value of τ x increases with the increase in thermal Grashof number, mass Grashof Number, Hall current parameter, radiation parameter, permeability parameter and time; and it decreases with the angle of inclination of the plate, the magnetic field, Prandtl number and Schmidt number. A similar effect is observed with τ y , except magnetic field and Hall parameter, in which case τ y increases with magnetic field parameter, and decreases with Hall parameter.
The Nusselt number is given in Tab. 2. The value of N u decreases with increase in Prandtl number, radiation parameter and time. 
VI. CONCLUSION
In this paper a theoretical analysis has been done to study the effects of radiation and porosity of the medium on MHD natural convection flow past an impulsively started inclined plate with variable wall temperature and mass diffusion in the presence of Hall current. The results obtained are in agreement with the usual flow. It has been found that the velocity in the boundary layer increases with increasing the values of the radiation parameter and permeability of the medium. It is also observed that the radiation effect and permeability of the medium increase the friction at the plate surface. Also it is found that the radiation effect decreases the values of the Nusselt number. This work can further be extended by considering some more relevant fluid parameters like chemical reaction with rotating system, generation or absorption, etc. The geometry of the model can also be changed to accommodate some MHD flows with important applications.
VII. APPLICATIONS OF THE STUDY
This study is expected to be useful in understanding the influence of magnetic field and Hall current on astrophysical problems. Moreover, the findings of the research will be useful in improving the devices like Hall accelerators and Hall sensors. It is also useful to study the flow of plasma in MHD power generators, enhanced oil recovery and filtration systems.
Appendix A -symbols
• A = ].
